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ABSTRACT 
The impedance tube method is widely used for measuring sound absorption (or 
reflection) coefficients of acoustic materials as a function of frequency. However, the sound 
absorption coefficients obtained using the impedance tube method may have some variations 
due to the dimensions (limits) of an impedance tube, sample preparation and sample 
mounting. This paper assesses the performance of the two-microphone impedance tube 
method as a function of frequency for different tube dimensions and materials and presents 
suggestions for increasing the reliability and repeatability of impedance tube measurements. 
First, after summarizing a systematic way for measuring acoustic transfer functions, sound 
absorption coefficients of a variety of materials ranging from conventional absorbing acoustic 
materials to samples with thin films are measured using two tubes with different tube 
diameter and microphone spacing. Uncertainty of sound absorption coefficients for various 
materials are discussed, and the frequency limits of impedance tubes are assessed. Then, a 
method for minimizing uncertainty due to sample mounting is proposed, and the main 
findings are discussed. 
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1. INTRODUCTION 
The impedance tube method1-3 is a conventional approach for measuring sound absorption 
properties of materials such as complex valued reflection coefficients, sound absorption coefficients 
and complex valued acoustic impedances. Standards4-5 are available that provide basic information, 
suggesting frequency ranges and giving some warnings to conduct an impedance tube experiment. 
However, the impedance tube method still has some drawbacks affecting the reliability and quality 
of measured acoustic properties. Note that different frequency ranges are recommended by different 
standards4-5 for the same tube dimensions.  
There are some papers studying uncertainties due to frequency response estimations6-8, ambient 
temperature9 and microphone and sample locations7-10. The effect of sample circumferential edge 
constraint11, sample size12, calibration13-14 and sample mounting15 are also studied in the literature. 
However, the deviations in the identified sound absorption coefficients as a function of frequency 
for different tube dimensions (tube diameter and microphone spacing) and for different kind of 
materials have not been quantified in a systematic way in the literature9-17. This paper attempts to 
fill this void by identifying sound absorption coefficients of a large number of materials measured 
using two tubes with different dimensions and examining variations in sound absorption 
coefficients as a function of frequency after an accurate approach is summarized to conduct 
repeatable transfer function measurements. 
2. PROBLEM FORMULATION 
Fig. 1 illustrates the experimental test setup for an impedance tube method where Ip  and Rp  are 
the complex valued sound pressure signals propagating in the incident and reflected directions, 
respectively. The test sample is mounted inside the tube by using a sample holder and a rigid 
plunger providing sound isolation. In the impedance tube method, the complex valued normal 
incidence reflection coefficient ( )R f  can be determined as follows: 
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where ( )12H f  is the complex valued acoustic transfer function, 2k f c=  is the (real) wave 
number in the air, c is the sound speed in the air,  f is the working frequency, and j 1= − . Overall, 
the sound absorption coefficient at normal incidence as a function of frequency is determined as4-5: 
( ) ( )
2
1f R f = −              (2) 
It should be noted that ( )12H f  is measured while ( )R f  and ( )f  are calculated using Eqs. (1-2).  
 
 
 
  
 
 
 
Fig. 1. Measurement setup for an impedance tube experiment where the broadband random noise is 
generated using a sound source, and two microphones are used to measure sound pressure signals 
inside the tube. 
 
Table 1 shows the expressions and corresponding coefficients for upper and lower frequencies in 
the standards4-5.  It is seen that the standards4-5 disagree and are too conservative. Therefore, 
acoustic ( )12H f  transfer functions are measured using various materials including some 
conventional acoustic foams with different densities, porosities and thicknesses (with different 
absorption properties), a few acoustic foams with polyurethane (PU) films, a reflective material and 
acoustic egg crate foams and by using two tubes with different dimensions (d and s values). The 
dimensions of the small and large tubes are listed in Table 2. For each material and tube diameter, a 
few (more than one) ‘identical’ samples are prepared. However, the uncertainties related all other 
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parameters except d and s should be minimized as much as possible before the effects of d and s are 
examined; hence a systematic approach is first summarized to check the reliability and repeatability 
of the measurement system. 
Table 1 
The expressions for lower and upper frequencies (
Lf  and Uf ) and corresponding coefficients 
suggested in the standards. 
Expression 
Coefficients 
ISO 10534-2 [4] ASTM E 1050 [5] 
L L
c
f k
s
  L 0.05k =  L 0.01k =  
U U1
c
f k
d
  and U U 2
c
f k
s
  U1 0.58k =  and U 2 0.45k =  U1 0.586k =  and U 2 0.40k =  
Table 2 
The dimensions of the small and large tubes (see Fig. 1 for the definitions of d, s, L and U). 
Dimension 
Tube 
Small (S) Large (L) 
d (mm) 29 100 
s (mm) 20 50 
L (mm) 35 100 
U (mm) 370 150 
 
 
The main objectives of this study are as follows: (i) Summarize a systematic procedure to 
be followed for checking the reliability and repeatability of an impedance tube experiment; 
(ii) measure transfer functions ( )12H f , and identify sound absorption coefficients ( )f  
using a few ‘identical’ test samples of various materials and by using the tubes with different 
dimensions; (iii) explore the variations of ( )f  values for different tube dimensions and 
materials; (iv) evaluate the limits for the lowest and highest frequencies of the impedance 
tubes; and (v) propose a method for mounting a sample inside an impedance tube for accurate 
and repeatable measurements. 
3. MATERIALS AND TRANSFER FUNCTION MEASUREMENTS 
The ambient temperature, atmospheric pressure and relative humidity are T = 25 0C, pa = 101.4 
kPa and ϕ = 80%, respectively, during ( )12H f  function measurements18. The properties of acoustic 
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materials are listed in Table 3 where h is the thickness (length) of a test sample, 
 
is the density of 
the core acoustic material, and 
 
is the overall density of a sample after the acoustic core material 
is treated with a non-flammable material. Here, M5 is not treated with a “non-flammable” material 
and the surfaces of M10 and M11 looking towards the sound source (exposed to acoustic energy) 
during ( )12H f  measurements are covered with a PU film (with a 25 µm thickness glued using a 10 
µm thickness adhesive). Material M12 is quite reflective whose sound absorption is expected to be 
low. M13 and M14 are made of the same material while M14 is an acoustic egg crate foam (with a 
15 mm egg crate depth; the total thickness of this sample is 35 mm). Sample M15 is also an 
acoustic egg crate foam with 20 mm egg crate depth; the total thickness of the sample being 75 mm. 
It is noted that the tolerances for the sample thicknesses and diameters are 1.5h =   mm and 
1d = +  mm, respectively.  
 
Table 3  
The thicknesses of test samples (h), densities of core materials (  ) and overall densities of test 
samples (  ). 
Test Material h (mm)   (kg/m3)   (kg/m3) 
M1 35 15 50 
M2 55 15 50 
M3 35 15 70 
M4 55 15 70 
M5 55 22 22 
M6 35 22 60 
M7 55 22 60 
M8 35 22 90 
M9 55 22 90 
M10  35* 22 60 
M11  25* x x 
M12 30 x x 
M13 35 x x 
M14    35** x x 
M15    75** x 70 
*With a PU film, **Acoustic egg crate foam, xNot known 
 
The frequency span and frequency resolution are set to f = 50 Hz – 6.4 kHz and f
 
= 8 Hz for 
the tube with d = 29 mm and f = 20 Hz – 1.6 kHz and f = 2 Hz for the tube with d = 100 mm; note 
that the lowest audible frequency is 20 Hz for human being19, and sound absorption properties of 
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materials are identified from 50 Hz (or 100 Hz) to 5 kHz (or 6 kHz) in the most practical 
applications20-24. The preparation of an impedance tube, i.e., construction of the impedance tube and 
sample holder, microphone mounting, the importance of sample mounting, sound source capability, 
signal to noise ratio of the system and environment effects have been studied in the past11-12, 20-21. 
The repeatability and reliability of the impedance tube experiment is checked before making final 
transfer function measurements used to calculate the sound absorption properties of materials.  
The accuracy of ( )12H f  based on spectral density functions increases with number of 
averages25; hence the measurements are conducted using N = 100 averages here26. The coherence 
function27, ( )2 f  is always checked during ( )12H f measurements. A sample ( )12H f  function for 
material M1 and corresponding ( )2 f
 
function is plotted in Fig. 2. It is seen that ( )2 f
 
is almost 
unity (i.e., ( )2 f >0.999) for the frequency range of interest (i.e., for f = 20 Hz to 6.4 kHz) even at 
anti resonances; although not presented here, the ( )2 f
 
values are close to unity for ( )12H f  
measurements of all materials.
 
Transfer function ( )21H f  measured by interchanging the positions 
of microphones 1 and 2 is also compared with ( )12H f . Sample results for material M4 are plotted 
in Fig. 3. It is seen that ( )12H f  and  ( )21H f  functions are almost symmetrical with respect to 
horizontal zero line; indicating that the measurement system is repeatable and reliable. The 
amplitude and phase corrections are performed if required.  
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     a)                                                                b) 
Fig. 2. The magnitudes of the transfer ( )12H f  and coherence ( )
2 f
 
functions measured using 
material M1 and impedance tubes with (a) d = 100 mm and (b) d = 29 mm. 
 
       
      a)                                                                b) 
Fig. 3. The magnitudes of the transfer ( )12H f  and ( )21H f functions measured using material M4 
and impedance tubes with (a) d = 100 mm and (b) d = 29 mm. 
Key:  H12 and  H21. 
 
The measurements are conducted using a few ‘identical’ test samples (four samples are used in 
most cases) so that the repeatability of the test samples can be checked; the most deviated one(s) 
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can be excluded during averaging. The measured results of small and large samples in the matching 
frequency range of interest (f = 50 Hz – 1.6 kHz) are also compared, and the overall absorption 
coefficients are determined by averaging or combining the identified results. 
4.  MEASUREMENT OF SOUND ABSORPTION COEFFICIENTS OF VARIOUS 
MATERIALS 
After transfer ( )12H f  functions are measured, sound absorption coefficients ( )f  are 
calculated by using Eqn. (2). The sound speed ( c ), air density ( a ) and characteristic impedance of 
air ( z ) are calculated by using28: 
cc g RT= ;      
a
a
p
RT
 = ;      a cz c g=              (3a,b,c) 
where 1cg =  kg-m/N-s
2, 1.40 = , R = 287 J/kg-K, T is the absolute temperature in K; hence the 
results are determined as 346c =  m/s, a  = 1.185 kg/m
3 and z = 410 Pa-s/m. First, the identified 
( )f  values of M1 and M2 materials using four ‘identical’ samples with d = 29 mm (small, S) and 
d = 100mm (large, L) are plotted in Fig. 4. It is seen that the results of these four ‘identical’ samples 
are very close for both small and large tubes. Also, ( )f  values identified using small samples are 
close to the results identified using large samples in the matching frequency range (f = 50 Hz – 1.6 
kHz) for both M1 and M2 materials; note that there are some deviations at very low frequencies 
(i.e., 30f  Hz for the large tube and 80f   Hz for the small tube). Overall, the identified ( )f   
values of M3 to M10 materials using four ‘identical’ samples with d = 29 and 100 mm are plotted in 
Fig. 5. The results show that the ‘identical’ small and large samples of all M2 to M9 (conventional 
sound absorbing with different densities and thicknesses) materials also give similar results, and in 
general ( )f  values identified using small samples are close to the results identified using large 
samples in the matching frequency range (f = 50 Hz – 1.6 kHz) for all M1 to M9 materials. 
However, the small and large test samples of M10 material are not as repeatable as other materials, 
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and very different ( )f  values can be measured using small and large tubes for this material in the 
matching frequency range (f = 50 Hz -1.6 kHz). It should be stated that the only difference between 
M6 and M10 is that M10 contains a very thin (with a thickness of 25 µm) PU film (glued by using a 
10 µm thickness adhesive). 
 
 
           a) 
 
          b) 
Fig. 4. Identified sound absorption ( )f  values using four ‘identical’ test samples with d = 29 mm 
(S) and d = 100 mm (L) diameters for (a) M1 and (b) M2 materials. 
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       a)                                                           b) 
       
       c)                                                           d) 
       
       e)                                                           f) 
       
       g)                                                           h) 
Fig. 5. Identified sound absorption ( )f  values using four ‘identical’ test samples with d = 29 mm 
(S) and d = 100 mm (L) diameters for (a) M3, (b) M4, (c) M5, (d) M6, (e) M7, (f) M8, (g) M9 and 
(h) M10 materials. 
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The sound absorption ( )f  values of another material (different from the material of M10) 
covered with a PU film identified using two small and large ‘identical’ samples are also examined 
here. This time, the transfer functions ( )12H f  are measured also when the foam side of the test 
sample is looking towards the sound source (exposed to acoustic energy); the results are plotted in 
Fig. 6. It is again seen that the results obtained using small tube are different from the results 
obtained using large samples in the matching frequency range f = 50 Hz – 1.6 kHz when the film 
side of the sample is looking towards the sound source. However, nearly similar results are 
identified from both tubes when the foam sides of the samples are looking towards the sound 
source, and the results are also more repeatable in this case. These results indicate that the variations 
in the results are mostly due to the PU film. The performances of the impedance tubes for a 
reflective material whose sound absorption is expected to be low is also investigated using the 
reflective material M12 here; the results are presented in Fig. 7. It is seen that the results obtained 
from the small tube are different from the results obtained using the large tube; the differences 
between small and large samples being increased from 800 Hz to 1.6 kHz as seen in Fig. 7. In 
addition, the performance of the impedance tubes for an acoustic egg crate foam is also investigated 
here; the results for the same material without (M13) and with (M14) an egg crate are plotted in Fig. 
8. It is seen that both small and large tubes produce the similar results for these samples; the 
samples are also quite repeatable. The results presented in this section are examined and evaluated 
in the next sections. 
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Fig. 6. Identified sound absorption ( )f  values using two ‘identical’ test samples with d = 29 mm 
(S) and d = 100 mm (L) diameters when the film and foam sides of the test samples are exposed to 
acoustic energy. 
 
 
  
Fig. 7. Identified sound absorption ( )f  values using two ‘identical’ test samples with d = 29 mm 
(S) and d = 100 mm (L) diameters for a reflective (M12) material. 
 
 
       
       a)                                                              b) 
 
Fig. 8. Identified sound absorption ( )f  values using two ‘identical’ test samples with d = 29 mm 
(S) and d = 100 mm (L) diameters for test samples (a) without a profile - M13 and (b) with a profile 
- M14. 
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5. DETERMINATION OF UNCERTAINTY LEVELS IN SOUND ABSORPTION 
COEFFICIENTS 
First, the standard deviations ( )f  in the identified sound absorption ( )f  values of a 
conventional sound absorbing material (M1) and an acoustic material with a PU film (M10) 
described in Section 3 for the small and large samples are plotted in Fig. 9a and Fig. 9b, 
respectively. The deviations calculated by including the results of both the small and large samples 
(combined data) in the matching frequency range (f = 50 Hz – 1.6 kHz) are also plotted in Fig. 9a 
and 9b. It is seen that the deviations for both the small and large samples and combined data are 
small for the conventional sound absorbing material (M1). However, the variations can be quite 
high for the sample with a film (M10) though the variations in the cases of small and large separate 
groups are relatively small. Overall, the variations ( )f  for various sound absorbing materials 
(M2 to M9) with different   and h values are plotted in Fig. 9c. It is seen that the average standard 
deviation ( )f  can be greater than 0.15 for f < 50 Hz. However, the average standard deviation
( )f  is about 0.02 for f = 50-100 Hz and ( )f < 0.01 for f = 100 Hz – 6.4 kHz for these sound 
absorbing materials. 
The results in Figs. 5 and 9 show that the identified sound absorption properties of conventional 
sound absorbing materials (i.e., M1 to M9) using ‘identical’ samples (for both small and large 
tubes) are close even at the local minima and maxima of the sound absorption coefficient curves. It 
is also seen that both the small and large samples produce similar sound absorption coefficient 
values at resonant frequencies for these materials. However, the consistency and trend of the results 
are different for a sample with a PU film and for a reflective sample. Various reasons for the 
variations in sound absorptions of these samples can be listed as follows. A film or a sample whose 
surface is sensitive to an applied force can deform and modify when inserting the sample inside an 
impedance tube; note that the small and large samples produce similar sound absorption coefficient 
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values when the foam side of a sample with a PU film is exposed to acoustic energy during 12 ( )H f  
measurements. The changes in the resonances of samples with surface coatings29-30 are also more 
sensitive to sample surface (i.e., thin film) properties and sample mounting conditions. However, as 
the tolerances of the samples examined here are close, and the same tubes, hardware and software26 
are used to measure transfer functions for all materials, similar results would be encountered in the 
practical impedance tube measurements20, 29, 31-32. Therefore, the researchers should be aware of 
these practical problems, and this study motivates that the users of an impedance tube experiment 
should be more careful when handling the samples with PU films and reflective materials, or they 
should verify (or obtain) their results by using different tubes if possible. 
        
      a)                                                               b) 
 
                   c) 
Fig. 9. Standard deviations ( )f  of the identified sound absorption ( )f  values for (a) the 
conventional sound absorbing material - M1, (b) the sample with a film - M10 and (c) all other 
conventional sound absorbing materials (M2 to M9). 
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6. ASSESSMENT OF FREQUENCY LIMITS 
The lowest and highest frequencies (
Lf  and Uf ) for the tubes with d = 29 mm and s = 20 mm 
and d = 100 mm and s = 50 mm are determined using the expressions in Table 1; the results are 
listed in Table 4. It is seen that the lowest frequency is determined as 
Lf = 865 Hz based on ISO 
10534-24  and Lf = 173 Hz based on ASTM E 1050
5 for the tube d = 29 mm and s = 20 mm and  
Lf = 346 Hz based on ISO 10534-2
4 and Lf = 69 Hz based on ASTM E 1050
5 for the tube d = 100 
mm and s = 50 mm; the suggested lowest frequency limits by the standards4-5 are very different for 
the same tube as the tolerance limits in these standards4-5 are different. On the other hand, the 
results for conventional sound absorbing materials show that the lowest frequencies can be taken 
even as Lf  = 100 Hz for d = 29 mm and s = 20 mm and Lf  = 30 Hz for d = 100 mm and s = 50 for 
an average standard deviation ( )f <0.01.  
Table 4 
The lowest and highest frequencies ( Lf  and Uf ) for the tubes with d = 29 mm and s = 20 mm and  
d = 100 mm and s = 50 mm determined using the expressions in Table 1. 
Tube 
d = 29 mm, s = 20 mm d = 100 mm, s = 50 mm 
ISO 10534-2 [4] ASTM E 1050 [5] ISO 10534-2 [4] ASTM E 1050 [5] 
Lf  (Hz) 865 173 346 69 
Uf  (Hz) 6920 6920 2007 2028 
 
The transfer function measurements so far are conducted up to f = 1.6 and 6.4 kHz for the large 
and small tubes, respectively; f = 6.4 kHz being a quite high frequency for most practical 
applications25-27, 33. Here, the maximum frequency values are set to f = 3.2 and 10 kHz for the large 
and small tubes, respectively, and the identified ( )f  functions for M15 material using three 
‘identical’ samples are plotted in Fig. 10. It is seen that the results identified using both tubes are 
nearly the same for f = 50 Hz – 1.0 kHz and the results are close for f = 1.0 – 2.0 kHz. However, the 
results identified using the large tube are very different from the results obtained using the small 
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tube for f = 2.0 – 3.2 kHz; the deviations for the large tube when f > 2 kHz are quite big and strange 
(not expected). It is also seen that the small tube produces very consistent results up to f = 7 kHz. 
However, the results have again big and strange deviations beyond f = 7 kHz.  Some other materials 
are also examined and the similar results are obtained though they are not presented here for 
brevity. Overall, the results show that the highest frequency limits recommended in the standards4-5 
are appropriate. 
 
Fig. 10. Identified sound absorption ( )f  values using three ‘identical’ test samples with d = 29 
mm (S) and d = 100 mm (L) diameters for M15 material. 
 
The results of a large number of materials presented here suggest that there is a need to revise the 
frequency limits in the impedance tube method, or the researchers should be aware of the situation 
about Lf  and Uf  as explored in this study, and they can use the data quite below the lowest 
frequency limits presented in the standards4-5. The results obtained for a large number of absorbing 
materials in this study also show that the small tube covers a large frequency range (i.e., f = 100 Hz 
– 7 kHz), and the small tube can be used to identify the acoustic material properties at the lower 
frequencies instead of using the large tube. As the small tube covers also lower frequencies, there 
may be no need for large tubes unless the determination of sound absorption coefficients at very 
low frequencies (i.e., f<50 or 100 Hz) is required. 
0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1
0
50
0
10
0
0
15
0
0
20
0
0
25
0
0
30
0
0
35
0
0
40
0
0
45
0
0
50
0
0
55
0
0
60
0
0
65
0
0
70
0
0
75
0
0
80
0
0
85
0
0
90
0
0
95
0
0
10
0
00
α
(f
)
f [Hz]
L1 L2 L3
S1 S2 S3
 H. Koruk                                                                                                                                             18 
 
Although the frequency ranges f = 865 – 2007 Hz and f = 173 – 2028 Hz can be measured 
according to ISO 10534-24 and ASTM E 10505, respectively, using both the small and large tubes 
in this study, the results show that the measured sound absorption ( )f  values can be quite 
different for a sample with a PU film and a reflective sample even in these convenient frequency 
ranges. As stated before, one of the reasons for the difficulty in the identification of sound 
absorbing properties of these materials is related to sample mounting problem. Therefore, there is a 
strong need for an effective way for mounting test samples inside impedance tubes to minimize the 
uncertainty due to sample mounting; hence it is studied in the next section. 
7. SAMPLE MOUNTING PROBLEM AND ITS SOLUTION 
It is noted that a small pushing force applied to a sample to insert it inside the impedance tube 
can lead to an air space between the test sample and the rigid plunger while a big pushing force can 
modify the test sample (change the acoustic properties of the test sample). The problems related to 
sample mounting issue are more obvious when the samples are long. Therefore, there is a need to 
utilize a fixture to insert a test sample inside an impedance tube so that there is no modification of 
sound absorbing properties of a test sample and air space problem. The (mounting) fixture should 
be inexpensive and simple. The design of the mounting fixture suggested here is shown in Fig. 11; 
the fixture mainly has a circular flat base and a thin bar. First, a test sample is mounted on the 
fixture in Fig. 11; the rear surface of the sample touches the front surface of the fixture base; hence 
the air space problem is eliminated. It should be noted that the diameter of the thin bar can be quite 
small (let say  b 1d   mm) so that it can easily pass through the sample, or a small hole with a 
diameter of bd  can be opened during sample preparation (note that the most sound absorbing 
materials do not need such a hole as the thin needle-like bar can easily pass through acoustic 
materials). After the sample is mounted on the fixture, the fixture is inserted inside the impedance 
tube by applying a force using the bar (not the test sample); hence the modification of a material is 
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prevented. There may be a few small holes on the base of the fixture to prevent air space between 
the fixture and the rigid plunger. However, such issues are some details, and different solutions can 
be proposed to solve such minor problems. Also, some other designs can be proposed to mount a 
test sample inside an impedance tube noting that the main idea for utilizing a mounting fixture is to 
prevent the modification of the test sample and air space problem as explained above. 
 
Fig. 11. A sample fixture to mount a test sample inside an impedance tube for minimizing 
uncertainty due to sample mounting. 
 
 
Here, there would be an effect of sound reflection due the tip surface of the thin bar (not covered 
by the test material) on the measured sound absorbing properties. However, it can be calculated 
here as follows. The average sound absorption coefficient in this case is calculated by34: 
( ) ( )b b
b
( )
f S f S
f
S S
 

+
=
+
                                                                                                               (4) 
where ( )f  and ( )b f  are the sound absorbing coefficients of the test sample and the thin bar (or 
fixture), and S  and bS  are the areas of the front surfaces of the test sample and the thin bar, 
respectively. For the worst case (i.e., when b( )f  = 0), the following expression is obtained:  
2 2
b
2
( )
( )
f d d
f d


−
=                                                                                                                               (5) 
Overall, the error percentage in the sound absorption coefficient can be calculated as: 
2
b(%) 100
d
d

 
=   
 
                                                                                                                          (6) 
diameter of the bar: db 
diameter of the base  
or sample: d 
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where 1  = − . Eqn. (6) shows that the error   due to the sound reflection of the front surface 
of the thin bar (not covered by the test sample) is quite low; note that   = 0.04 and 0.1% when  
bd d  = 50 and 30, respectively. 
8. DISCUSSION 
Results in this paper show that the tube with a smaller diameter  (d = 29 mm) in general yields 
more reliable results for the conventional sound absorbing materials even at the frequencies that are 
quite below the lowest (convenient) frequency limits Lf suggested in the standards
4-5. For example, 
the measurement results suggest that the lowest frequency limit Lf  for the tube d = 29 mm and s = 
20 mm is very close to the Lf  for d = 100 mm and s = 50 mm though quite different Lf  frequencies 
are recommended for these tubes in the standarts4-5. One of the reasons is the higher possibility of 
non-plane mode wave propagation and the difficulty in generating a travelling wave in the case of a 
large tube. As a tube with a smaller diameter provides also the higher frequencies to be measured, it 
can be said that the tubes with smaller diameters are more effective for the identification of 
absorption properties of acoustic materials in the frequency range of interest of most practical 
applications (i.e., f = 100 Hz – 6 kHz). On the other hand, the measured sound absorption 
coefficients measured using small and large samples are quite different for samples with PU films 
(and reflective materials) even at the convenient frequencies that are suggested in the standards4-5. 
One of the reasons is that a sample whose surface is sensitive to an applied force can deform and 
the acoustic properties of the test sample can change when inserting the sample inside an impedance 
tube. The changes in the resonances of samples with surface coatings are also more sensitive to 
sample surface (i.e., thin film) properties and sample mounting conditions. A mounting fixture can 
be used to eliminate sample modification problems when inserting a sample inside an impedance 
tube. Overall, the results presented in this paper suggest that some revisions are needed in the 
standards4-5 as the frequency limits in the standards are too conservative. 
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9. CONCLUSION 
This paper investigates the performance of the impedance tube method as a function of 
frequency for different tube dimensions and materials. Speciﬁc contributions of this paper 
include the following. Sound absorption coefficients of a variety of materials ranging from 
very absorbing acoustic materials to samples with PU films are identified using two acoustic 
impedance tubes with different diameters and microphone spacing; the frequency range being 
quite wide. The uncertainty levels in the identified sound absorption coefficients are 
determined for different material types as a function of frequency. By analyzing the 
experimental data and the theoretical formulations for the lower and upper frequency limits in 
the impedance tube experiment, the frequency limits are evaluated, and new limits are 
suggested. A solution is presented to mount a sample inside an impedance tube so that the 
change of sample acoustic properties and air space problem are eliminated (or minimized).  
The results show that the sound absorption coefficients of conventional sound absorbing 
materials can be measured with low levels of uncertainties at the frequencies even quite below the 
limits given in the standards; this indicates that the frequency limits need revisions. On the other 
hand, the variations in sound absorption coefficients can be quite high for samples with PU films 
and reflective materials in practice, even in the convenient frequency range of interest suggested in 
the standards mostly due to difficulties arising from the nature of these materials, i.e., a PU film is 
quite sensitive to an applied force, the changes in the resonances of samples with surface coatings 
are also more sensitive to sample surface (i.e., thin film) properties and sample mounting 
conditions. However, the uncertainty in the measured sound absorption coefficients can be reduced 
by using a sample mounting fixture. Multiple tubes can be used to cover a wide frequency range 
and ensure the accuracy of measured sound absorption coefficients. Subsequently, one could 
identify the sound reflection and absorbing coefficients and acoustic impedances of materials with 
better accuracy taking into account the outcomes of this paper.  
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